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● Nuclear wave 
function at small x: 
nuclear structure 
functions.	


Measure in pA/eA. 
Mixing them wise? 
Structure vs. 
parton dynamics!	



● Particle production at 
the beginning: does it 
factorize? Coherence?	


	


● How can the system 
reach ∼ isotropy so fast?: 
initial conditions for 
plasma formation in AA 
and in pA.	



● Probe medium 
with energetic 
particles (e.g. jet 
quenching): 
modification of 
QCD radiation and 
hadronisation in the 
nuclear medium.	



Steps in a heavy ion collision 



pA for initial conditions 
In p/d+A we probe cold nuclear matter with a parton, not 
a photon. 
 
●  It can lose energy before the hard scattering 
●  It can lose energy after the hard scattering 
●  It can experience multiple scattering 
●  These may be not be independent! 
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These are not just “background” 
The physics is interesting, not well understood,  
  and also relevant for parton-plasma interaction ! 
NB: Collective effects make life more “interesting” 



Tool of choice: 
QCD Compton 

Scattering 

Direct	
  γ reflect structure + initial state energy loss 
●  Also measure γ-h correlations in cold nuclear matter! 
●  p+A: γ vs. h maps interactions AFTER hard scattering 

Can do p+A at RHIC & LHC 
PHENIX will probe as function of y (x in the Au) in 2015 

●  e+A vs. p+A: turn off initial state scatterings 
Needs the EIC!!!! 4 
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●  Backup 
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nPDFs:	



4	



Yellow Report on Hard 
Probes, 2004	



● Lack of data ⇒ models give vastly different 
results for the nuclear glue at small scales and 
x: problem for benchmarking in HIC.	



● Available DGLAP 
analysis at NLO 
show large 
uncertainties at 
small scales and x.	



NLO analysis	



≈	

 measured	


expected if no nuclear effects	







First hints at RHIC for saturation of gluons  
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PT is balanced 
by many gluons 

Dilute 
parton 
system 

(deuteron) 

Dense gluon 
field (Au) 

	
  

Satura+on	
  =	
  dense	
  gluon	
  field	
  
Easier	
  to	
  equilibrate???	
  



Initial State: 
what’s where?  

JHEP04(2009)065
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Figure 1. An illustration of the fit function RA
i (x) and the role of the parameters xa, xe, y0, ya,

and ye.

xa and xe, eliminates 6 out of the 13 parameters. The remaining ones are expressed in

terms of the following 6 parameters with obvious interpretations:

y0 Height to which shadowing levels as x → 0

xa, ya Position and height of the antishadowing maximum

xe, ye Position and height of the EMC minimum

β Slope factor in the Fermi-motion part,

the remaining parameter c0 is fixed to c0 = 2ye. The roles of these parameters are illustrated

in figure 1 which also roughly indicates which x-regions are meant by the commonly used

terms: shadowing, antishadowing, EMC-effect, and Fermi-motion.

The A-dependence of the fit parameters is assumed to follow a power law

dA
i = dAref

i

(

A

Aref

) pdi

, (2.5)

where di = xa, ya . . ., and where the reference nucleus is Carbon, Aref = 12.

The baryon number and momentum sum rules eliminate y0 and py0 for valence quarks

and gluons, leaving us with 32 free parameters. This is still way too large number of

parameters to be determined only by the data — further assumptions (based on prior

experience) are needed to decide which parameters can truly be deduced from the data

and which can be taken as fixed.

2.3 Experimental input and cross-sections

The main body of the data in our analysis consists of ℓ + A DIS measurements. We also

utilize the DY dilepton production data from fixed target p+A collisions at Fermilab and

inclusive neutral-pion production data measured in d+Au and p+p collisions at RHIC.1

Table 1 lists the sets included in our analysis and figure 2 displays their kinematical reach

1In contrast to our previous analysis [4], we do not include the BRAHMS forward rapidity charged

hadron d+Au data here. These data will be separately discussed in section 4.
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Shadowing, breakup & Cronin effect 
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ª  pT broadens (multiple 
scattering) w/Ncoll; effect stronger 
at y=0 
ª  J/ψ suppressed to higher pT @ 
mid & forward y (lower x in Au); 
ª RdA>1 at high pT backward  
(Cronin effect in Au nucleus ) 
ª  pT, y, centrality dependence was 
not reproduced by the models 

PRC87, 034911 (2013) 

J/ψ	





but 
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coherent parton energy loss and 
pT broadening from multiple 
scattering in the nucleus is 
consistent with data! 
ˆq0 = 0.075 GeV2/fm  
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Figure 3. Model predictions for the J/ψ nuclear suppression factor RpA(p⊥) in minimum bias d–Au
collisions at RHIC, at backward (left), central (middle) and forward (right) rapidities (solid curves).
The dashed lines indicate the effect of momentum broadening only, Rbroad

pA (y, p⊥), Eq. (2.14).
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Figure 4. Same as Fig. 3 in the four centrality classes (from top left to bottom right in each panel)
at backward, central and forward rapidities (upper left, upper right, bottom).

– 11 –

0

0.5

1

1.5

2

0 1 2 3 4 5 6 7 8
pT (GeV)

R
dA

u/
pp

(p
T)

PHENIX √s = 200 GeV y=[-2.2;-1.2]

E. loss + broadening
Broadening only

0

0.5

1

1.5

2

0 1 2 3 4 5 6 7 8
pT (GeV)

R
dA

u/
pp

(p
T)

PHENIX √s = 200 GeV y=[-0.35;0.35]

E. loss + broadening
Broadening only

0

0.5

1

1.5

2

0 1 2 3 4 5 6 7 8
pT (GeV)

R
dA

u/
pp

(p
T)

PHENIX √s = 200 GeV y=[1.2;2.2]

E. loss + broadening
Broadening only

Figure 3. Model predictions for the J/ψ nuclear suppression factor RpA(p⊥) in minimum bias d–Au
collisions at RHIC, at backward (left), central (middle) and forward (right) rapidities (solid curves).
The dashed lines indicate the effect of momentum broadening only, Rbroad

pA (y, p⊥), Eq. (2.14).
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Figure 4. Same as Fig. 3 in the four centrality classes (from top left to bottom right in each panel)
at backward, central and forward rapidities (upper left, upper right, bottom).
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